Explorative multivariate numerical analysis of British Geological Survey historical Acquired over a period of about 136 years, the specimens were identified by many palaeontologists and occur on rock samples of various dimensions from both borehole and surface exposures. They were almost exclusively collected for the purposes of biostratigraphy, which in the Scottish Carboniferous generally requires knowledge of total assemblages from beds. However, there are rare instances of collectors known to have been biased towards sampling particular fossil groups, and some taxa may also be under represented. An example of the latter is the seemingly minor occurrence of bryozoans in the materials studied compared to the significant number of genera and species known in field exposures of the mudstone and limestone facies of the Hurlet Limestone. 
Introduction
The extensive collections of the British Geological Survey (BGS) are the only Acquired over a period of about 136 years, the specimens were identified by many palaeontologists and occur on rock samples of various dimensions from both borehole and surface exposures. They were almost exclusively collected for the purposes of biostratigraphy, which in the Scottish Carboniferous generally requires knowledge of total assemblages from beds. However, there are rare instances of collectors known to have been biased towards sampling particular fossil groups, and some taxa may also be under represented. An example of the latter is the seemingly minor occurrence of bryozoans in the materials studied compared to the significant number of genera and species known in field exposures of the mudstone and limestone facies of the Hurlet Limestone.
Although lacking the systematic sampling required for a detailed quantitative investigation, we have shown (Dean et al. 2010 ) that these historical collections are amenable to explorative multivariate numerical analysis that yields results that are capable of meaningful palaeoecological interpretation. These compare very favourably with the qualitative analyses of Wilson (1967; 1989) sequence of marine limestone-bearing strata of the Lower Limestone Formation, Clackmannan Group (Fig. 1) . The Hurlet Limestone comprises the lowermost fully marine limestone unit in the Lower Carboniferous succession that can be identified and correlated across the Midland Valley (Browne et al. 1999) . Within the area of study it is generally about 3 m thick (although it can be more than 7 m thick), light to dark grey and developed largely as compact, well-bedded limestone or calcareous mudstone with thin limestone interbeds. Mudstone and siltstone strata also occur. The Hurlet Limestone may contain very few fossils other than crinoid columnals, but in places it can be highly fossiliferous (see Simpson & MacGregor 1932; Eyles et al. 1949; Robertson et al. 1949; Dean 2002) .
The The base of the early Serpukhovian Index Limestone (Fig. 1) MacGregor 1932; Eyles et al. 1949; Robertson et al. 1949; Dean 2002) . It is generally rather argillaceous at the top and bottom, and the limestone stratum is overlain by a thick marine mudstone 'roof' (Cameron & Stephenson 1985; Read et al. 2002) .
Shelf palaeoenvironment and biofacies
Wilson (1967) considered the lithological differences in the marine Namurian sedimentary rocks of the Midland Valley to reflect different environmental conditions, and that these conditions were sufficiently dissimilar for local differences in the benthonic faunas to be developed. Whilst noting that many taxa occur in a wide range of rock types, he subsequently related the restricted areal distribution of certain groups of species (biofacies) in Tournaisian and Viséan strata to lateral variations in the lithologies of the individual marine cycles and he presented, in generalised diagrammatic form, the occurrence of the most commonly found marine fossils in relation to the lithology of the host rocks (Wilson 1989, fig. 9 ). Wilson (1989) interpreted mudstones as representing a near-shore zone, and calcareous mudstones as reflecting a zone intermediate to clearer off-shore or on-shore settings in which limestones were deposited. He argued that the mudstone provided softer substrates dominated by infaunal organisms and the limestone gave firmer substrates with dominantly epifaunal forms.
Wilson (1989) also noted a general correspondence at some horizons (the Hurlet, Blackhall and Hosie limestones) between faunas dominated by epifaunal forms such as calcareous brachiopods, bryozoans and corals in strata of high carbonate content, and those areas with thinner successions and presumably least subsidence. This applied, in particular, to the southern and western parts of the Midland Valley, which were farthest from the inferred sources of the siliciclastic sediments believed to be transported by rivers flowing into the region from the N and NE. He did, however, recognise that the distribution of different types of benthonic faunas must have been the result of many interacting factors, and that more information and research may well lead to different interpretations.
Faunas of the Hurlet and Index limestones
In many parts of the Midland Valley, the base of the Hurlet Limestone is distinguished by a transgressive faunal sequence, the so-called Macnair Fauna (Macnair 1917; Wilson 1989, p. 104 
Numerical analyses
The BGS macrofossil collections from the Hurlet and Index limestones In addition to the analysis of presence/absence data, a measure of diversity (i.e. genus richness) was provided by analysing the number of genera present within higher taxonomic groups in each sample. These data were amenable to analysis using cluster analysis and Principal Components Analysis (PCA), the latter providing an ordination of samples (Dean et al. 2010, figs 6 and 12 ) that broadly reflects the grouping of samples evident in the cluster analyses. These clusters from the data set in which the sample lithologies are identified provide the basis of the explicitly broad-brush analysis of faunas herein.
Patterns in the Hurlet Limestone data
Cluster analysis of the numbers of genera within higher taxa using the statistical Table 1 .
Trophic structure
The groupings of samples arising from the cluster analyses of the 'diversity' of genera within higher taxa provides a broad picture of the associations of taxa that avoids the 'over-interpetation' that might result from faunal associations identified at genus and species level. These 'diversity' groupings can be assessed in terms of the (Fig. 2a) , the relatively small number of individual samples means that these can be plotted directly on the ternary diagram, but in order to simplify the diagram for the greater number of samples in the Index Limestone data set (Fig. 2b) , a 'mean value' is plotted as a generalised proxy for the sub-clusters, based on the total numbers of all genera recorded within each phylum in each sub-cluster. 'mean values' of the sub-clusters are plotted for the Index Limestone (Fig. 3b ).
For the Hurlet Limestone, the feeding habits and substrate niche/trophic structures for the three major clusters show Ht 2 and Ht 3 dominated by epifaunal suspension feeders, but Ht 1 plots in the 'detritus-suspension' and 'epifaunal' fields of the diagrams. This cluster is the only one to contain bivalves.
For the Index Limestone, the feeding habits and substrate niche/trophic structures for the eight sub-clusters indicate that most comprise epifaunal suspension feeders.
However, Ix 2.2 plots in the 'detritus-suspension' and 'vagrant-epifaunal' fields of the diagrams. This cluster has the largest range of higher taxa, and the highest percentage of molluscan genera to all others. It is the only cluster noted as containing scaphopods and ostracods. Bambach et al. (2007;  see also Bush et al. 2007 ) developed a graphical means of displaying the amount of ecospace occupied by marine organisms based on their presence or absence in six categories within each of three major aspects of autecology: tiering position in relation to the substratum/water interface; motility level; and feeding strategy. Table 2 shows the resulting patterns in each faunal cluster/sub-cluster in the Hurlet and Index limestones based on an interpretation of the autecology of the named genera in each cluster.
For the Hurlet Limestone, application of the categorisation by Bambach et al. (2007) strongly enhances the results shown by the ternary diagrams (Figs 2a and 3a) . Whilst the diagrams indicate that all three major clusters (Ht 1-Ht 3) comprise mainly epifaunal suspension feeders, Table 2 shows that they all include marine organisms of the surficial and semi-infaunal tiers, non-motile (attached and unattached) forms, and suspension feeders. Table 2 also illustrates a trend of increasing ecological complexity from Ht 3 through Ht 2 to Ht 1, with the last mentioned including representatives from the pelagic and shallow infaunal tiers, freely fast and facultative (both attached and unattached) motile forms, and mining and predatory feeders. This is explained by bivalves and nautiloids exclusively occurring in Ht 1 (Table 1) .
For the Index Limestone, application of the ecological categorisation by Bambach et al. (2007) again strongly enhances the results shown by the ternary diagrams (Figs 2b and 3b). Wilson (1967, 1989) fig. 8a ; see also Wilson 1967; Read et al. 2002) showed an 'influx of clastics' associated with a large river system flowing off the major landmass to the north during the upward-coarsening sedimentary cycle that started with the marine transgression associated with the Hurlet Limestone, it is unlikely that the siliciclastic rocks shown in the NE area of Figure 4 are a distal representation of this river system.
They probably reflect a more local source as do the siliciclastic sedimentary rocks shown in the NE area during deposition of the Index Limestone (Fig. 5) .
Draping the geographical distributions on modelled three dimensional surfaces
Of particular interest in the palaeoenvironmental interpretation of the Index Limestone (Fig. 5) For the Hurlet Limestone, the cluster analysis of the 'diversity' of genera within higher taxa provides three major groups of samples. Two of these are dominated by epifaunal suspension feeders, whilst the third comprises epifaunal detritus-suspension feeders. All three major clusters include marine organisms of the surficial and semiinfaunal tiers, non-motile (attached and unattached) forms, and suspension feeders, but they show a trend of increasing ecological complexity ultimately to include representatives of the pelagic and shallow infaunal tiers, freely fast and facultative (both attached and unattached) motile forms, and mining and predatory feeders.
For the Index Limestone, cluster analysis provides two major groups of samples and eight sub-clusters; five of the sub-clusters comprise epifaunal suspension feeders two epifaunal detritus-suspension feeders, and one vagrant-epifaunal detritus-suspension feeders. One of the major groups includes representatives of the surficial and semi-infaunal tiers, non-motile (attached and unattached) forms, and suspension feeders.
One sub-cluster is much more ecologically complex with representatives of the pelagic tier, freely fast motile forms and predators. The second major group of samples includes six sub-clusters, which show a strong trend of increasing ecological complexity ultimately to include representatives of the pelagic tier, fast, freely motile forms and predators. 
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